The BH3-only protein Bim is a critical initiator of apoptosis in hematopoietic cells. Bim is up-regulated in response to growth factor withdrawal and over-expression studies have implicated the transcription factor Foxo3a as a critical inducer. To test this hypothesis in vivo, we generated mice with mutated Foxo binding sites within the Bim promoters (Bim ΔFoxo/ΔFoxo ). Contrary to Bim-deficient mice, Bim ΔFoxo/ΔFoxo mice had a normal hematopoietic system and, upon cytokine withdrawal, diverse hematopoietic cells from these mice died at a normal rates. These results indicate that regulation of Bim by Foxo transcription factors is not critical for the killing of hematopoietic cells.
the deletion of auto-reactive T[8] and B cells [9] and the killing of effector T and B lymphocytes during shut-down of immune responses [10, 11] . Experiments using dominant negative or constitutively active mutants of Foxo3a implicated this transcription factor as a critical inducer of Bim in apoptosis triggered by cytokine deprivation [12] [13] [14] . To explore the physiological relevance of this process, we generated mice in which all Foxo binding sites within the Bim promoters [15] had been mutated (called Bim ΔFoxo/ΔFoxo mice). Contrary to Bim-deficient mice, Bim ΔFoxo/ΔFoxo and Foxo3a -/mice had a normal hematopoietic system. Moreover, in contrast to Bimdeficient cells diverse lymphoid cell subsets and mast cells from Bim ΔFoxo/ΔFoxo mice were normally sensitive to cytokine deprivation. These results indicate that direct transcriptional induction of Bim by Foxo is not critical for homeostasis and cytokine deprivation-induced apoptosis of hematopoietic cells.
Results

Identification and validation of Foxo binding sites in the Bim promoters
Previous over-expression studies showed that Foxo3a can enhance Bim expression by binding to two specific sequence motives (GTAAACAA) within its two promoters [12] [13] [14] . Since Bim is critical for cytokine deprivation-induced apoptosis in diverse hematopoietic cell subsets [6, 16] , it was concluded that growth factor withdrawal kills cells through transcriptional upregulation of Bim by Foxo3a [12] [13] [14] .
Our bioinformatics analysis of the Bim gene revealed the two published [12] [13] [14] and two additional Foxo3a binding sites (-625 and +2509 from Exon1) (FIG 1A) . To examine whether Foxo3a can bind to these sites, we performed EMSA with nuclear extracts from 293T cells that transiently expressed a tamoxifen (4-OHT) inducible HA tagged Foxo3a (HA-Foxo3a(A3)ER) ( Figure 1B ). We only observed reproducible Foxo3a-specific binding to site 4; this band disappeared when nuclear extracts containing HA-Foxo3A(A3)ER were incubated with HA-or Foxo3A-specific antibodies (FIG 1B & C) .
Moreover, we could efficiently compete Foxo3A binding to site 4 with unlabeled, but not with mutated oligos ( supplementary FIG 1) . These results reveal that site 4 in the mouse Bim promoters is the dominant site bound by Foxo3a.
Bim ΔFoxo/ΔFoxo mice have a normal hematopoietic system
Foxo3a belongs to a transcription factor family with overlapping expression patterns and binding to target sequences in DNAexpression [17] . To examine the physiological role of Foxo driven Bim activation, we generated mice in which the invariable core sequence of the common Foxo binding sequences in the Bim promoters were exchanged from AACA to TCGA or GTGG for site 1 or sites 2, 3 and 4, respectively ( supplementary FIG 2A &   B ). To verify the functional impact of these mutations, we generated T cell blasts from wt and Bim ΔFoxo/ΔFoxo mice and ectopically expressed HA-Foxo3a(A3)ER; this elicited Bim mRNA upregulation only in wt but not in Bim ΔFoxo/ΔFoxo T cells treated for 24 h with 4-OHT ( supplementary FIG 2C) . Finally, we observed no compensatory Foxo3a or Foxo1 protein upregulation in thymocytes from Bim ΔFoxo/ΔFoxo mice ( supplementary FIG 2D) .
We examined the hematopoietic system of the Bim ΔFoxo/ΔFoxo mice using wt, Foxo3a -/and Bim deficient animals as controls. As previously reported[6], Bim -/mice had a marked increase of mature CD4 + 8and CD4 -8 + thymocytes compared to wt controls (FIG 2A) . In contrast, Bim ΔFoxo/ΔFoxo and Foxo3a -/mice had normal thymic cell subset distribution (FIG 2A) . Bim mRNA and Bim protein levels in thymocytes from Bim ΔFoxo/ΔFoxo and Foxo3a -/mice were comparable to those seen in wt thymocytes (FIG 2B, C) .
Similarly, only Bim -/mice but not the Bim ΔFoxo/ΔFoxo or Foxo3a -/animals had abnormally increased numbers of T as well as B cells and granulocytes in the spleen (FIG 3A) .
Accordingly, spleen cells from Bim ΔFoxo/ΔFoxo and Foxo3a -/mice expressed normal levels of Bim mRNA and Bim protein (Figures 3B, C). Based on these results, we conclude that Foxo-mediated transcriptional activation of Bim is not essential for the normal developmentally programmed death of hematopoietic cells.
Foxo-mediated transcriptional activation of Bim is dispensable for killing of thymocytes
Bim is critical for thymocyte apoptosis triggered by diverse cytotoxic insults[6]. To examine the contribution of Foxo-mediated transcriptional induction of Bim in this scenario, we isolated thymocytes from Bim ΔFoxo/ΔFoxo , Foxo3a -/-, Bim -/and wt animals, and cultured them in the absence of cytokines or treated them with ionomycin and dexamethasone. Phorbol ester (PMA) an apoptotic stimulus that does not depend on Bim[6] served as a control. The Bim -/and to a lesser extent the Foxo3a -/thymocytes showed abnormally increased survival in simple medium, but the Bim ΔFoxo/ΔFoxo thymocytes died at the same rate as their wt counterparts (FIG 4) . As previously reported[6], loss of Bim substantially reduced ionomycin induced killing of thymocytes, but cells from the Bim ΔFoxo/ΔFoxo and Foxo3a -/mice behaved like wt thymocytes (FIG 4) .
Finally, thymocytes from Bim -/and to a lesser extent those from Foxo3a -/mice survived treatment with dexamethasone better than cells from the wt or Bim ΔFoxo/ΔFoxo mice (FIG 4) .
Foxo-mediated transcriptional activation of Bim is dispensable for cytokine withdrawal induced apoptosis of hematopoietic cells
Previous studies showed that cytokine deprivation activates Foxo3a and that the resulting apoptosis can be inhibited by expression of a dominant negative Foxo3a [12] [13] [14] . It was therefore concluded that Foxo3a-mediated transcriptional induction of Bim is essential for cytokine deprivation induced apoptosis.
Mature T cells require IL-7 for survival [18] During shutdown of immune responses, a substantial fraction of activated T cells are killed to minimise the risk of immunopathology and to make space for subsequent immune responses against different pathogens [19] . Since Bim triggered by a reduction in cytokine levels is essential for this death of activated T cells[10], Foxo transcription factors have been implicated as the critical inducers of Bim in this process [14] . We examined the importance of Foxo-mediated transcriptional induction of Bim in cytokine deprivation-induced killing of activated T cells. In the presence of IL-2, mitogen stimulated T cell blasts of all genotypes survived comparably. Bim -/-T cell blasts were almost completely protected from cytokine deprivation and those from the Foxo3a -/mice showed modest (albeit significant) protection (FIG 5B) . In contrast, the Bim ΔFoxo/ΔFoxo T cell blasts died at the same rate as wt cells ( Figure 5B ). Upon IL-2 withdrawal, Bim mRNA and Bim protein levels increased to similar extents in Bim ΔFoxo/ΔFoxo , Foxo3a -/and wt T cell blasts (FIG 5C).
In order to examine whether direct transcriptional induction of Bim by Foxo3a or related
Foxo family members is critical for growth factor deprivation induced apoptosis of myeloid cells, we generated IL-3+SCF-dependent mast cells from the bone marrow of Bim ΔFoxo/ΔFoxo , Bim -/-, Foxo3a -/and wt mice. As reported [20] , mast cells from Bim -/and Collectively, these results show that direct induction of Bim mRNA expression by Foxo transcription factors is not essential for cytokine deprivation-induced apoptosis in diverse hematopoietic cell types.
Myc-driven lymphoma development is not affected by the Bim ΔFoxo mutation
Both, the pro-apoptotic BH3-only protein Bim and Foxo transcription factors have been shown to act as tumor suppressors [17, 21] 3A & B) . We therefore conclude that direct transcriptional induction of Bim by Foxo transcription factors is not critical for Bim's tumour suppressive function.
Discussion
The pro-apoptotic BH3 only Bcl-2 family member Bim is critical for several developmentally programmed pathways to cell death in the hematopoietic system Despite the importance of Bim in so many processes, no transcriptional and/or posttranscriptional regulator has been shown to be critical in physiological settings in vivo. This is particularly the case for cytokine deprivation-induced apoptosis, a process that is critical for at least some of the functions of Bim within the whole animal [24] .
Experiments using immortalised cytokine-dependent cell lines and enforced expression
of dominant negative or constitutively active Foxo3a mutants have indicated that this transcription factor binds within the two Bim promoters and is essential for the activation of Bim in cytokine deprivation-induced apoptosis [12] [13] [14] . It appears likely that the dominant negative mutant of Foxo3a can also inhibit transcriptional induction of target genes by the other Foxo family members, Foxo1, Foxo4 and Foxo6 [17] . Therefore several of these transcription factors may be able to drive Bim induction in response to growth factor withdrawal.
To determine the impact of loss of transcriptional induction of Bim by all Foxo family members, we generated mice in which all four potential Foxo binding sites in the two 
